Earlier results have demonstrated a mutagenic activity of simian virus 40 (SV40) in mammalian cells. To analyse this ability further, the effect of SV40 DNA fragments, introduced into Chinese hamster cells, on the frequency of mutations at the hypoxanthine phosphoribosyltransferase locus and other loci was studied. It was found that the mutagenic effect (i) was substantially maintained when the viral genome had been replaced by a fragment comprising the T antigen-coding region and the early promoter--enhancer region, (ii) was strongly reduced or abolished when the promoter region including upstream sequences in this fragment had been replaced by the chicken lysozyme gene promoter or both enhancer elements were deleted, and (iii) was abolished in an SV40 replication origin-defective mutant in which the structure of the T antigen-binding site II was affected. It may be concluded that SV40-induced mutagenesis depends on the expression of the early region of the genome and on a function involved in specific binding of large T antigen to viral DNA. Since origindefective mutants of SV40 were reported as being able to transform cells, the functions of transformation and mutation do not seem to correlate.
. The position of the 72 bp tandem repeat is marked by shaded areas. (Renkawitz et al., 1982) Four nucleotides deleted within the BglI site (ort-mutant) Early viral region lacking only one of the two 72 bp enhancer elements * sv40 DNA was prepared as described earlier (Theile et al., 1980a) , Plasmids, after transfection into Escherichia eoli, were amplified, purified and DNAs were extracted (Maniatis et al., 1982) . the assumption that SV40-induced mutagenesis depends on the expression of the early region. In agreement with this conclusion, the clone plys-T which contains the chicken lysozyme promoter instead of the SV40 early promoter region ( Fig. 1 ) and which does not favour the expression of large 1' antigen in cells other than chicken oviduct cells under stimulating conditions (Renkawitz et al., 1982) , had a reduced mutagenicity compared to that of pSV40 (Table 2) . pBR322 alone had no significant mutagenic effect. To ascertain the mutant phenotype of selected clones, a number of drug-resistant V79 clones obtained after infection with pSV40 or pSVE were analysed. All the TG-resistant clones tested showed a strongly reduced ability to incorporate exogenously supplied hypoxanthine into their DNA ( pSV40 < 0.10 -* Incorporation was measured after incubation of cells in a medium containing 5 x 10 -6 ~-[3H]hypoxanthine (sp. act. 1.8 Ci/mmol), 1 x 10 -6 M-aminopterin and 1.6 x 10 -s M-thymidine for 6h according to Theile & Strauss (1977) ; 100K was 435000 d.p.m./culture flask. t HAT medium contained 5 x 10 -4 M-hypoxanthine, 2 x 10 -~ M-aminopterin and 1-6 x 10 -s M-thymidine.
considered to be hypoxanthine phosphoribosyltransferase (HPRT)-deficient. All of the puromycin (Pu)-resistant clones tested were cross-resistant to colchicine (data not shown) corresponding to results obtained by others and were therefore likely to represent mutants with changes in the plasma membrane (Kartner et al., 1983) . The experimental results corroborate earlier findings showing an absence of mutagenic activity of the SV40 tsA mutants 209 and 239 at non-permissive temperature (Theile et al., 1980b; Gorbunova et al., 1982) . In contrast, Zannis-Hadjopoulos & Martin (1983) , using rat FR3T3 cells, were unable to detect significant differences in the frequencies of 8-azaguanine-resistant mutants at 33 and 40 °C after infection by tsA209. In their experiments they used a m.o.i, of 10 p.f.u./cell, sufficient to transform these cells. Conceivably, these conditions of infection were not suited for the production of significant effects (see Theile et at., 1980a) .
The mutagenic fragments EF and SVE encompass, in addition to the genes for T proteins and the early promoter as well as the enhancer, the sequences involved in T antigen binding and the replication origin. Binding of large T to the origin region mediates different viral functions such as the initiation of DNA replication and regulation of early gene expression (Tooze, 1981) . As well as these effects, binding may conceivably be essential for mutation induction. In this connection, it is noteworthy that the consequence of T antigen binding to viral DNA replication may be significant even in non-permissive cells (Chia & Rigby, 1981; Chen et al., 1983) . Therefore, the origin-defective, replication-deficient SV40 mutant 8-4 in which the structure of the T antigen binding site II is affected but which produces functional T antigen (Gluzman et al., 1980) was tested for rnutagenicity. Surprisingly, it was found that this plasmid failed to induce mutations at the HPRT locus (see Table 2 ). It seems that binding at the origin by large T antigen, presumably in the initiation of DNA replication, can play a crucial role in the processes following viral infection which lead to cellular mutations. Since p8-4 and other origin-defective mutants of SV40 are nevertheless able to transform cells from different species (Gluzman et al., 1980; Chert et al., 1983) , the two functions, transformation and mutation, are separable.
A requirement for both an intact T antigen binding site II and the A gene product acting as initiator of replication could mean that replication of input viral DNA (Chia & Rigby, 1981) is involved in mutagenesis. It can be speculated that the formation of rearrangements of viral and host DNA sequences accompanying early integration and excision events (Mounts & Kelly, 1984) leads to an activation of repair enzymes that may work in an error-prone manner. An induction of error-prone repair could also explain the synergistic mutagenic effects observed when viral infections are combined with treatment by chemical and physical carcinogens (Geissler & Theile, 1983) .
Viral mutagenicity might also be caused by a mutator-like activity of SV40 T antigen due to sequence-specific binding of the protein to cellular DNA (Wright et al., 1984) . Binding to regulatory regions was proposed by these authors to alter cellular gene expression. Among the genes activated by SV40 (see Scott et al., 1983) could be ones that cause reduced accuracy of DNA replication. Such a mechanism might account for the increased mutability found in several stably SV40-transformed cell lines (Goldberg & Defendi, 1979; Theile et al., 1983) ; this increase did not seem to require the viral replication function and might be operative especially ifT antigen was expressed at a high level. In fact, it has been found recently that a polyomavirus large T gene construct caused mutations in mouse cells only when it was overexpressed (M. Strauss, L. Luebbe, U. Kiessling, M. Platzer, E. Geissler & B. Griffin, unpublished results).
Further studies using suitable SV40 mutants should provide additional insight into both the mechanisms underlying the viral mutagenic activity and its possible role in the course of virus cell interactions.
